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R-00173

STATE OF CALIFORNIA
DEPARTMENT OF PUBLIC WORKS
DIVISION OF HIGHWAYS
MATERTALS AND RESEARCH DEPARTMENT

mooObQ@

A 13 YEAR REPORT
COVERING THE
GONSTRUCTION, CONDITION, AND ACCUMULATED TEST DATA
ON THE
THREE AND FOUR SACK CONGRETE PAVEMENT
CONSTRUGTED IN 1938
BETWEEN ORANGE AND OLIVE IN ORANGE GOUNTY

VIT-0ra=181-A , Contract B87X031-07XC8

Report by

THOMAS E. STANTON
MATERIALS AND RESEARCH ENGINEER

The project discussed in the following report is a section
of State Highway, approximately 0.95 of a mile in length, situated
a short distance south of the town of 0live, between Orange and
0live in Orange County. It is a portion of highway VII-Ora-181-4

' and exbends from Station L,23+17 to Station 473+17.

, The work was experimental to the extent that the specifi-
k - cationsg for the conerete pavement. were on a strength rather than
i
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a fixed cement basis; except that 1t was not originally contem-
plated to use less than four sacks' of cement per cublc yard of

concrete. Therefore, the Special Provisions permitted a reduction

of the cement content below the standard of five sacks %o any

extent (but not less than four sacks) that the contractor could
demonstrate & flexural gtrength of not less than 450 lbs. per square
inch at seven (7) days by full size trial batches mixed on the
project. o

If the average flexural strength, at 7 days, of the best
four out of five beams was less than 50 1lbs. per square inch,
the cement content was t o be increased enough to produce the
specified strength. ‘

The sources from which the aggregates and cement were
obtained for use 1n the concrete pavement together with the re%ults
of acceptance tests are shown on Table 1.

In April and May, 1938, approximately 15 trial batches
were made at btimes when concrete was being placed in gstructures.
Twelve of these batehes contained L sacks of cement per cubic

vard and three of them 3 sacks per cublc yard.

The amount of water per sack of cement, the proportion
of différent sizes of aggregate, and the workability of test
batches, together with the results of tests on specimens are
shown in Table 2, the data for which was obtained from the
1 SUPPLEMENTAI, REPORT ON THE REDUCTION QN CEMENT CONTENT ON
CONTRACT O7XC3-87XC31", by District Engineer S. V. Cortelyou under
date of September 1, 1838, o

The pavement was constructed between June 1lth and June
2hith, 1938, in eight dally sections. Four sack concrete was used
throughout except for two experimental gsections in which the
cement content was reduced to 3 sacks per cubic yard. ZEach of
the 3-sack sections was approximately 500 feet long with one
section in each lane as followssg _

Right Lane - 3-sack concrete Sta. }}58+92 o Sta. 1163+85
Left Lane - 3 sack concrete Sta. L40+60 to Sta. L5455

Test specimens, beams and cylinders were made each day
concrete was placed in the pavement. Results of tests on those
specimens are shown in Table 3. The average grading of the com-
bined aggregate used in the pavement is shown in Table 1.

The pavement slab was cured under a 3=-inch earth blanket
saturated with water for eight days.

A portion of the surface of the 3-gack ooncrete was
treated with a solution of sodium silicate to determine the
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. hardening ef_‘feet if any, of the sodium silicate upon the surface
of thigs low cement factor concrete,

_ At the end of the curing period of from seventeen (17) to
twenty-two (22) days, but before the pavement was opened to traffic
a section of the 3<sack pavement 200 feet in length in each lanse
whs treated with an application of sodium silicate solution equiva-
lent to 30216 gallon of "O" grade per square yard. On the follow-
ing day, the same sectlons were given a second application at the
gsame rate per square yard., The "0" grade sodium silicate was diluted
with 3 to parts of water, and the solution applied with push broomss
The silicate treated sections were located as followsy

S Right Lane - Station 460403 to Station 46240
Left Lane ~- Station L1470 to Station LU3+7

Expansion joints were placed at A0 foot intervals through-
out the project with intermediate dummy jolnts every 20 feet.
Nine longitudinal dowels, fitted with expangion caps were placed
at each expansion Joint.

In the District Engineer?'s Supplemental Report mentioned
above, it was noted that a blanket of select subgrade material
one (1) foot in thickness was placed under the entire pavement.
It was also nobted that the underlying material from Station
L23+17 to Station L}i9+00 was poor while that from Station 1h9+00
to Station h73+l6 wes good., It will be noted that the greatest
incidence of intermediate cracking subsequent to construction
occurred in the portion reported to have a poor subgrads, although
mich of this portion of the pavement has few volunteer cracks.

Cores were cut and tested for ccmpressive sitrength at an
approximate age of 60 days. A similar set of cores was cut at
approximately the same locations in June, 1940, for two-year
tests, in July, 1943, for five-year tests, and in July, 1949, for
eleven-year teats. Results of tests on these four gsets of cores
are shown in Table lj. The average core strengths were as

follows:
60 Days 2 Years 5 Years 11 Years
3-Sack 2923 3610 303 | MBMTI
h-Sack 5193 5828 6275 5925

The treatment with sodium silicate was to harden the
" surface only; therefore, no difference in compressive strength
: of the 3-sack concrete was anticipated as a result of this
. treatment., The core test results shown in Table l} indicate
approximately equal strength for the treated and the untreated
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pavement.

In Figure 1, the average strengths of the cores and of
the daily test cylinders have been plotted to scale. These
curves show not only the greater strength of the cores but also
a very striking similarity in shape. :

When the 2-year survey of the project was made in 1940,
it was noted that the 3-sack pavement showed slightly more evi-
dence of wear than the hasack sections as indicated by greater
saurface exposure of the aggregate. It was likewlse noted that
the silicate treated areas showed less exposure of the aggre-
gate than the untreated arsas.

In 19581, at the end of thirteen years of service, very
little 1f any, additional change in surface appearance could be
noted. The surface exposure of the fine aggregate was most
noticeable on the 3-sack untreated; less pronocunced, but still
apparent on the 3-sack treated; and almost unnoticeable on the
lj~sack. However, the actual wear even where most pronounced,
was slight, .

Transverse cracks, usually extending the full width from
center joint to edge, have formed at a number of locations. On
July 25, 1938, eleven days after t he pavement had been opened to
traffic, a total of 13 such transverse cracks were noted; eight
in the 3-sack pavement and five in the l~gack. Two years later,
in July, 1940, the total number of cracks amounted to 15, with
9 in the 3-sack and six in the h-sack sections. In July, 1943,
the crack survey showed a total of 1} cracks in each type of
concrete and in 1950, there were 2l cracks in the 3-sack and 39
cracks in the lj-sack sections. The number and distribution of
eraeks at each period were as follows:

Total Right Lane Left Lane
Date Number  3=-Sack l-Sack 3-8ack L-Sack
ga25-38 13 (8 in 3-sack, 5§ in l-sack)
=20-L0 15 2 2 7 Iy
7-28=43 28 2 g 12 10
10=23=50 63 7 18" 17 21

The locations of the various cracks are shown in Figure
2. It will be noted that the greater portion of the cracks are
in the left lane between Station [,36+00 and Station LL5+00.
This is in the area described as underlain with poor subbase
material but the reason why there ghould be 25 cragks in the
left lane between those stations and only 6 in the right lane
is not apparent.
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In general the project 18 still smooth riding after 13
years. There is 1O appreciable difference between the riding
quelities of the 3-gack and the hnsaok gecbions except for the
glight gurface EXposure of aggregate previously noted.

The most recent ingpection was made by the writer on
December 15, 1950, The entire section was sn fipst class con-
dition at that time and provides an excellent 11lustration of

the potentialities of a 3 and li-sack concrete pavement on sub -
grades such as are being congtructed today, when gubjected TO
what may be classed as moderate tpaffic as shown by the followling
tpaffic counb, reported by the Traffic Department for the year

1950,

South on ora-181-4A, at function of Routes 181
and 178, 16 hour count, 6 a.M. to 10 Foll.

January to Decembers, 1950

January 1495 July 1955

FPebruary 1478 August 1726

March , 1691 September 1822

April 1636 October 1777

May 1455 November  1O13

June 1957 December 1718
Average 1700

_ Tollowing is the July gpaffic count sach year since
construction 1in 1938, readings on Sunday a2nd Monday.

Year Sunday Monday

1938 2785 1913

1939 2375 1272

. 19h0 2263 1665
; 1941 o 2353 1630
1942 1789 1120

19uﬁ 1522 1198

194 - 992 875

19L5 1825 1397

19h6 2272 179%

1947 213 1866-

19,8 21%9 1735

1949 2588 1930

1950 2190 1955
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It will be noted that the Sunday traffiec after falling
in the war years to a minimm of 992, in 194}, has never re- -
turned to the 1938 traffic of 2785 being only 2190 in July, 1950,
On the other hand, the Monday traffic which in July, 1938, was
1913 and fell to a minimum of 87% in 194k, has returned to approxi-
mately the 1938 level in 1950 when the 1 hour count was 1955,

As will be noted from the monthly count for 1950, the
.average 16 hour traffic on Mon#ays for the entire year wag
approximately 1700. '
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TABLE 1
TEST RESULTS ON SAMPLES OF
CONCRETE AGGREGATES AND CEMENT
USED IN THE |
THREE AND FOUR SACK CONCRETE PAVEMENT

VII-Ora-181-4A Contract 87XC31-07XC8

Aggregates

Fine Aver.Cémbinedi.
Test Goarse | Concrete |[Filler Grading

Sand Sand Sleve %
Date Sampled (1938) -1 e -9 2=1/2 | 9l
Sample Number VII7207 7620 7622 2 85
4 Wear, L.A. Rattler 100 Rev. 3.1 1-1/2 | 72
% Wear, Li.A. Rattler 500 Rev, 15.7 3/h | ko
Specific Gravity 2.31 2,6l 2.63 # 3 3Z
Colorimetric Test 0.K. 0.K. # 10 2
28 Day Results # 20 19
Sand Mortar Com. Str. 7338  |+%6006 # 30| 13
Sand Mortar % of Ottawa 122,2 [106.0 # 40 19.5
# Tests made on a mixture containing 80% concrete # 80 |2.1
_sand and 20% filler sand # 200 | 0.5

Coarse Aggregate from Graham Bros., Plant at Santlago Creek
n u

Concrete Sand i " n : n

; Filler Sand " n " " " olive (Santd& Ana River)
Cement
Date Samplsd . 2-9~38 -Chemical
Mfr. Southwestern Portland Cement Co., Victorville Analysis
Bin No. ﬁ Fep03 1.93
GsILC. No. )-I- A1203 30‘80
% Passing #325 Sieve gh .0
. . SOB 1-?2
Specific Surface thB
Autoclave Expansion +.160 Mgl 2.00
Ignition

Sand Mortar Tests 7 Days 28 Days Toss 0.91
Aver. Compressive Strength (1-2) 6330 8050 Insoluble 0.0
Aver. Tensile Strength (1-3) 335 L75 G34 6.7
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TABLE U
AN ELEVEN. YEAR SUMMARY
- OF THE
STRENGTH TEST RESULTS
THREE AND FOUR SACK GONCRETE PAVEMENT
VII-Ora-181-4 Between Orange and 0live
THREE SACK GONCRETE
Flexural COMPRESSIVE STRENGTH
Strength ylinders RMield Cores
A 10 [ 28 90 |1 60 2 5 11
Lane Days| Days Days |Days |Days|Y¥sar Days|Years Years|Years
341 {379 | 950 [1295 2737 (3062 | 3620 ﬁ969
| 277713554 [ 4090 |4015
Right 3311 ﬁgu 1895 L2216
2h37|h2h2 | Loos [Lh262
346313959 | 4235 |-=--
AT
3218|3553 | 4860 |h620
2897 ﬁ589 L4705 ugls
Left  |354 [385 | 760 |11L5|1700]2000 | 3300j419k |L965 (L6639
| | 28B40 {3157 | 3580 |----
2636|3548 | 702543995
Average |Untreated Surface Cores 2934 {3502 | 230 |[L167
Surface Treated Cores 201213717 1L377 [L572
All 3-8ack cores 2023 3610 | 4303 |L3L7
FOUR SAGK GONCRETE
88 |631 2525 13720 5309|5485 | 6815 |6558
| 86 |575 | 2225{2935 5735|5461 | 6455 (5732
Right ES Z 5383 | 5930 (6145 =
| 1468 593 6L,6 {564l | 5890 (5520
_ 5133(5256 | 5705 (5909
566 1586 2260 |3045 5618|5262 | 6515 (5239
20 |571 | 205Q (2970|3360 3%uo 5277|6052 | 5785 |6088
L5 591 2335 2850 3220 3615 E 16 16987 | 6855 16881
Lef't 429 |B02 227.0 {2970 [3665 |3980 1616139 | 6615 |6866
25516077 | 6145 [5032
5867|6358 {6320 |5501
Average |500 |578 2268|3082 3432|3678 | 5193|5828 | 6275 |5952
#Mot included 1in averags
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